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Introduction 


Food, water, and a breathable atmosphere are three elements fundamental to 
human survival. Expendable supplies of these elements may be earned onboard 
spacecraft for brief spaceflights. For permanent missions in low Earth, orbit, 
however, they may be resupplied from Earth, though only at high cost. Missions to 
more distant places, such as the Moon, Mars and beyond, will require regeneration 
of food, air, and water. An autonomous bioregenerative life support system that is 
based upon the integration of biological and physical/ chemical processes, and that 
will produce nutritious and palatable food, potable and hygienic water, and a 
breathable atmosphere by recycling metabolic and other wastes, is the goal of 
NASA’s Controlled Ecological Life Support Systems (CELSS) Program. 

NASA has conducted research in various aspects of closed regenerative life 
support systems since the 1960s. In 1978, the CELSS Program was initiated to 
encompass all of NASA's CELSS efforts into one program. CELSS research and 
technology development is currently being performed in a broad range of research 
areas, including biomass production and food processing, waste management, and 
systems management and control. 

Biomass Production /Food Processing. This research area includes determining 
the optimal higher and lower plant species that will provide a large percentage 
of edible and palatable plant biomass, produce maximum yield and nutrient 
value, yet use a minimum of space and power. Another aspect of this research 
includes controlling the system's environment, Le., examining and regulating such 
factors as temperature, airflow, humidity, COj level, and illumination, to 
provide for optimal growth and production. Researchers also explore methods 
to convert inedible biomass to food. 

Waste Management. Research in this subject area examines producing water of 
adequate quality to meet life support system requirements; maintaining a 
habitable atmosphere by regulating the concentrations of CO 2 and O 2 ; 
processing plant and human metabolic wastes for maximum recycling; and 
controlling the buildup of trace gas contaminants and other toxicological agents, 
such as pathogenic bacteria. 

Systems Management and Control. This research area examines the integration, 
monitoring, control, and stability of whole CELSS systems. This includes 
modelling and design of systems within sealed chambers that provide for 
atmospheric regeneration, food production and processing, and waste 
management, thus testing the research results obtained in the other research 
areas. The purpose is to achieve and maintain stable, reliable operation of a 
CELSS to provide the crew with a predictable supply of life support 
consumables. 

This bibliography has been compiled to provide the scientific community with a 
list of publications resulting from CELSS-related research during the period 1989 
through mid-1992. It is anticipated that the bibliography will stimulate the 
exchange of information and ideas between scientists working in different areas of 
the program and in the field of bioregenerative life support in general. 
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The arrangement of citations in this bibliography follows the three research 
divisions outlined above. Publications are listed alphabetically by author within the 
research area with which they are most closely associated. Authors conducting 
research under the auspices of the CELSS Program have been identified with an 
asterisk, and a list of these investigators and their affiliations follows the 
bibliography. 

The assistance of the CELSS Principal Investigators in providing lists of their 
publications and the technical assistance of Audrey Robin Brown are gratefully 
acknowledged. 

Maurice M. Avemer, Ph.D. 

NASA CELSS Program Manager 


2 



BIOMASS PRODUCTION 
FOOD PROCESSING 






Allen, E.R.; Hossner, L.R.; Henninger*, D.L.; Ming*, D.W.; Galindo, C. 

Growth & nutrient uptake of wheat in a zeolite: Apatite substrate (Abstract). 

In: Agronomy Abstracts, 1990 Annual Meetings of the American Society of Agronomy, San Antonio, TX, 
October 21-26, 1990, p. 262. (GWU 15284) 

Andre, M.; MacElroy*, R.D. 

Plants and men in space: A new field in plant physiology. 

Physiologist 33(1, Suppl.): S100-S101, 1990. (GWU 11708) 

Aslam, M.; Harbit, K.B.; Huffaker*, R.C. 

Comparative effects of selenite and selenate on nitrate assimilation in barley seedlings. 

Plant, Cell and Environment 13(8): 773-782, 1990. (GWU 15954) 

Aslam, M.; Huffaker*, R.C. 

Role of nitrate and nitrite in the induction of nitrite reductase in leaves of barley seedlings. 

Plant Physiology 91: 1152-1156, 1989. (GWU 10971) 

Aslam, M.; Travis, R.L.; Huffaker*, R.C. . 

Comparative kinetics and reciprocal inhibition of nitrate and nitrite uptake in roots of urunduced and 

induced barley ( Hordeum vulgare L.) seedlings. 

Plant Physiology 99: 1124-1133, 1992. (GWU 15318) 


Aslam, M.; Travis, R.L.; Huffaker*, R.C. 

Comparative kinetics and reciprocal inhibition of nitrate and nitrite uptake in roots of uninduced and 
induced barley seedlings (Abstract). 

Plant Physiology 96(1, Suppl.): 103, 1991. (GWU 14284) 

Barnes, C.; Bugbee*, B. 

Effects of photoperiod, blue light, and phytochrome photoequilibria on soybeans (Abstract). 

ASGSB Bulletin 4(1): 98, 1990. (GWU 13379) 

Barnes, C.; Bugbee*, B. 

Morphological responses of wheat to blue light. 

Journal of Plant Physiology 139(3): 339-342, 1992. (GWU 16531) 

Barnes, C.; Bugbee*, B. 

Morphological responses of wheat to blue light and reduced phytochrome photoequilibna (Abstract). 
Plant Physiology 93(1, Suppl.): 130, 1990. (GWU 11695) 

Barnes, C.; Bugbee*, B. 

Morphological responses of wheat to changes in phytochrome photoequilibrium. 

Plant Physiology 97(1): 359-365, 1991. (GWU 14285) 


Barta, D.J.; Bula, R.J.; Morrow, R.C.; Tibbitts*, T.W. 

Characteristics of light emitting diodes for use as a photosynthetic irradiance source for plants 
(Abstract). 

ASGSB Bulletin 4(1): 47, 1990. (GWU 13359) 


Barta, D.J.; Bula, R.J.; Tibbitts*, T.W. 

Wheat growth under a light emitting diode irradiance source (Abstract). 
ASGSB Bulletin 4(1): 50, 1990. (GWU 13364) 
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Barta, D.J.; Edeen, M.A.; Eckhardt, B.D. (Henninger, D.L. = P.I.) 

Regenerative Life Support Systems Test Bed performance: Lettuce crop characterization. 

Paper presented at the 22nd International Conference on Environmental Systems, Seattle, WA, Ju y 
13-16, 1992, 7 p. (SAE Paper 921391) (GWU 15473) 

Barta, D.J.; Tennessen, D.J.; Bula, R.J.; Tibbitts*, T.W. 

Wheat growth under a light emitting diode irradiance source with and without blue photon 
supplementation (Abstract). 

ASGSB Bulletin 5(1): 51, 1991. (GWU 15128) 


Barta, D.J.; Tibbitts*, T.W. . „ , 

Calcium localization in lettuce leaves with and without tipbum: Comparison of controlled 


environment and field-grown plants. 

Journal of the American Society for Horticultural Science 


116(5): 870-875, 1991. 


(GWU 15210) 


Barta, D.J.; Tibbitts*, T.W. 

Use of electron microprobe x-ray analysis for determination of low calcium concentrations across 
Communications in Soil Science and Plant Analysis 22(7&8): 729-753, 1991. (GWU 15208) 


leaves 


Barta, D.J.; Tibbitts*, T.W.; Bula, R.J.; Morrow, R.C. 

Evaluation of light emitting diode characteristics for a space-based plant irradiation source. 

Advances in Space Research 12(5): 141-149, 1992. (GWU 15205) 

Bennett, S.M.; Corey, R.B.; Bula, R.J.; Tibbitts*, T.W. 

Potential use of ion exchange materials in controlling nutrient balance of a recirculating solution for use 

in a CELSS (Abstract). 

ASGSB Bulletin 2: 38, 1989. (GWU 10427) 


Bennett, S.M.; Tibbitts*, T.W.; Cao, W. 

Diurnal temperature fluctuation effects on potatoes grown with 12 hr photoperiods. 

American Potato Journal 68(2): 81-86, 1991. (GWU 14286) 

Berry, W.L.; Goldstein, G.; Dreschel, T.W.; Wheeler, R.M.; Sager, J.C.; Knott*, W.M. 

Water relations, gas exchange, and nutrient response to a long term constant water deficit. 

Soil Science 153(6): 442-451, 1992. (GWU 15952) 

Berry, W.L.; Koontz, H.; Wheeler, R.; Prince, R. (Knott, W.M. = P.I.) 

Criteria for evaluating experiments on crop production in space. 

Paper presented at the 19th Intersociety Conference on Environmental Systems, San Diego, CA, July 
24-26, 1989, 5 p. (SAE Paper 891569) (GWU 10496) 

Bishop, D.; Bugbee*, B. 

Leaf size, plant height, and photosynthetic capacity in wheat. 

In: Proceedings of the Pacific Division of the American Society for the Advancement of Science, p. 16, 
1991. 

Bishop, D.L.; Bugbee*, B. 

Leaf size and its correlation with photosynthetic rate and leaf anatomy m wheat (Abstract). 

In: Agronomy Abstracts, 1991 Annual Meetings of the American Society of Agronomy, Denver, CO, 
October 27-November 1, 1991, p. 119. (GWU 15349) 
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Blackwell*, C.C.; Kliss*, M.; Yendler, B.; Borchers, B.; Yendler, B.S.; Nguyen, T.K.; Waleh, A. 

Options for transpiration water removal in a crop growth system under zero gravity conditions. 

Paper presented at the 21st International Conference on Environmental Systems, San Francisco, CA, July 
15-18, 1991, 4 p. (SAE Paper 911423) (GWU 15907) 

Brown, C.S.; Cox, W.M.; Dreschel, T.W.; Chetirkin, P.V. (Knott, W.M. = P.I.) 

The Vacuum-Operated Nutrient Delivery System: Hydroponics for microgravity. 

HortScience 27(11): 1183-1185, 1992. (GWU 16539) 


Brown, C.S.; Piastuch, W.C.; Knott*, W.M. 

Soybean cotyledon starch metabolism is sensitive to altered gravity conditions (Abstract). 

In: Abstracts, 29th Plenary Meeting of the Committee on Space Research, Washington, DC, August 
28-September 5, 1992, p. 526. (GWU 15679) 

Bubenheim*, D.L. 

Blue light and elevated CO2 induce lignin synthesis in wheat (Abstract). 

HortScience 25(9): 1078, 1990. (GWU 16180) 

Bubenheim*, D.L. 

Closed environments for regenerative life support research. 

In: Proceedings of the International Conference of Environmental Research with Plants in Closed 
Chambers. Commission of the European Communities, Air Pollution Research Report 26, p. 330-336, 
1990. 

Bubenheim*, D.L. 

The Crop Growth Research Chamber: A ground-based facility for CELSS research. 

In: Controlled Ecological Life Support Systems: CELSS '89 Workshop (MacElroy, R.D., Ed.). Moffett 
Field, CA: NASA, Ames Research Center, p. 303-317, 1990. (NASA-TM-102277) (GWU 13594) 

Bubenheim*, D.L. 

Plants for water recycling, oxygen regeneration and food production. 

Waste Management & Research 9(5): 435-443, 1991. (GWU 14301) 

Bubenheim*, D.L.; Bugbee*, B.G.; Salisbury*, F.B. 

Low-irradiance, blue-light induced lignin synthesis in wheat (Abstract). 

Plant Physiology 89(4, Suppl.): 22, 1989. (GWU 11013) 

Bubenheim*, D.L.; Mitchell*, C.A.; Nielsen, S.S. 

Utility of cowpea foliage in a crop production system for space. 

In: Advances in New Crops (Janick, J., Simon, J.E., Eds.). Portland, OR: Timber Press, p. 535-538, 1990. 
(GWU 15275) 


Bubenheim*, D.L.; Sargis, R.; Wilson, D. 

Spectral changes in metal halide and high pressure sodium lamps equipped with electronic dimming 
(Abstract). 

HortScience 26(6): 738, 1991. (GWU 16174) 

Bugbee*, B. 

Carbon use efficiency in optimal environments. 

Paper presented at the 19th Intersociety Conference on Environmental Systems, San Diego, CA, July 
24-26, 1989, 6 p. (SAE Paper 891572) (GWU 10497) 
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Bugbee*, B. 

Characterization of gas exchange in plant growth chambers (Abstract). 
HortScience 24(Suppl.): 50, 1989. 


Bugbee*, B. 

Determining the potential productivity of food crops in controlled environments. 
Advances in Space Research 12(5): 85-95, 1992. (GWU 15202) 


Bugbee*, B. 

Exploring the limits of crop productivity: A model to evaluate progress. 

In: Controlled Ecological Life Support Systems: CELSS 89 Workshop (MacElroy, R.D V E 
Field, CA: NASA, Ames Research Center, p. 1-23, 1990. (NASA-TM-1 02277) (GWU 14365) 


Moffett 


Bugbee*, B. 

Food production in controlled environments: Energy efficiency of crop plants (Abstract). 

In: Abstracts, Twenty-Eighth Plenary Meeting of the Committee on Space Research, The Hague, 

The Netherlands, June 25-July 6, 1990, p. 253. (GWU 14453) 

Bugbee*, B. 

Hydroponics on the Moon. 

Fine Gardening Magazine 10: 59, 1989. 

Bugbee*, B. 

Long-term seed storage. 

Fine Gardening Magazine 5: 57-59, 1989. 

Bugbee*, B. 

A model for nutrient management in recirculating, liquid hydroponic culture (Abstract). 

HortScience 26(6): 704, 1991. (GWU 16093) 

Bugbee*, B. 

NASA’s research to grow food in space: The CELSS Project 

In: Longwood Gardens 1990 Seminar Series, Longwood Gardens, DE, 1990, p. 1-11. 

Bugbee*, B. 

Steady-state canopy gas exchange: System design and operation. 

HortScience 27(7): 770-776, 1992. (GWU 16184) 

Bugbee*, B.; Monje, O. 

The limits of crop productivity: Validating theoretical estimates and determining the factors that 
limit crop yields in optimal environments. 

BioScience 42(7): 494-502, 1992. (GWU 15247) 

Bugbee*, B.G.; Salisbury*, F.B. 

Controlled environment crop production: Hydroponic vs. lunar regolith. 

In: Lunar Base Agriculture : Soils for Plant Growth (Ming, D.W., Henninger, D.L., Eds.). Madison, WI: 
American Society of Agronomy, p. 107-129, 1989. (GWU 11032) 


Bugbee*, B.G.; Salisbury*, F.B. 

Current and potential productivity of wheat for a Controlled Environment Life Support System. 
Advances in Space Research 9(8): 5-15, 1989. (GWU 11654) 
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Bula, R.J.; Morrow, R.C.; Tibbitts*, T.W.; Barta, D.J.; Ignatius, R.W.; Martin, T.S. 
Light-emitting diodes as a radiation source for plants. 

HortScience 26(2): 203-205, 1991. (GWU 14287) 


Bula, R.J.; Morrow, R.C.; Tibbitts*, T.W.; Corey, R.B. 

Technology for subsystems of space-based plant growth facilities. _ -ca \ vcnffott 

In: CM& Ecological Lift Support System: CELSS ’ 89 Wo^ (MacElroy, R^ Ed.). Moffett 
Reid, CA: NASA, Ames Research Center, p. 391408, 1990. (NASA-TM-102277) (GWU 14369) 

Bula, R.J.; Tibbitts*, T.W. ^ 

Commercial involvement in space-based plant growing technology development (Abstract). 

In: Abstracts, Twenty-Eighth Plenary Meeting of the Committee on Space Research, The Hague, 

The Netherlands, June 25-July 6, 1990, p. 250. (GWU 14457) 

Bula, R.J.; Tibbitts*, T.W.; Morrow, R.C.; Dinauer, W.R. . 

Commercial involvement in the development of space-based plant growing technology. 

Advances in Space Research 12(5): 5-10, 1992. (GWU 15199) 

Cao, W.; Tibbitts*, T. ... . . 

Magnesium concentration effects on carbon dioxide exchange in potatoes (Abstract). 

Plant Physiology 96(1, Suppl.): 133, 1991. (GWU 14288) 

Cao, W.; Tibbitts*, T. 

Physiological responses of potatoes to continous irradiation (Abstract). 

Plant Physiology 93(1, Suppl.): 138, 1990. (GWU 11697) 

Cao, W.; Tibbitts*, T.W. lin t , 

Broader pH range for potatoes with mixed N than with either NH 4 or NO 3 (Abstract). 

HortScience 27(6): 614, 1992. (GWU 15268) 

Cao, W.; Tibbitts*, T.W. ... . 

Calcium concentration effect on growth, hibernation, and mineral accumulation in potatoes (Abstract!. 

HortScience 26(6): 743, 1991. (GWU 15217) 


Cao, W.; Tibbitts*, T.W. 

Diurnal variation in nutrient uptake in potatoes (Abstract). 

ASGSB Bulletin 4(1): 48, 1990. (GWU 13361) 

Cao, W.; Tibbitts*, T.W. 

Effect of gradual temperature fluctuations on continuous irradiation injury in potatoes. 

Paper presented at the 1990 International Winter Meeting of the American Society of Agricultural 
Engineers, Chicago, IL, December 18-21, 1990, 8 p. (ASAE Paper 904529) (GWU 15343) 

Cao, W.; Tibbitts*, T.W. 

Effect of thermoperiods on growth and tuberization in potatoes (Abstract). 

HortScience 26(6): 737, 1991. (GWU 12883) 


Cao, W.; Tibbitts*, T.W. ... 

The effects of pH on growth and nutrient accumulation in potatoes grown with nitrate or ammonium 

In: Agronomy Abstracts, 1991 Annual Meetings of the American Society of Agronomy, Denver, CO, 
October 27-November 1, 1991, p. 124. (GWU 15347) 


9 



Cao, W.; Tibbitts*, T.W. 

Growth, carbon dioxide exchange and mineral accumulation in potatoes grown at different magnesium 


concentrations. 

Journal of Plant Nutrition 15(9): 1359-1371, 1992. (GWU 15951) 


Cao, W.; Tibbitts*, T.W. 

NH4/NO3 mixtures enhance growth in potatoes (Abstract). 
HortScience 27(6): 665, 1992. (GWU 15271) 


UIO, YY.; x 

Nitrogen form and pH interaction on plant growth and mineral accumulation (Abstract). 
ASGSB Bulletin 5(1): 51, 1991. (GWU 13889) 


Cao, W.; Tibbitts*, T.W. 

Nutrient accumulation in potato plants grown 


in NFT at varied flow rates and solution concentrations 


(Abstract). 

HortScience 25(9): 1151, 1990. (GWU 15221) 


Cao, W.; Tibbitts*, T.W. 

Photosynthetic responses of potatoes to K nutrition (Abstract). 

In: Agronomy Abstracts, 1991 Annual Meetings of the American Society of Agronomy , Denver, CO, 
October 27-November 1, 1991, p. 119. (GWU 15348) 

Cao, W.; Tibbitts*, T.W. 

Physiological responses in potato plants under continuous irradiation. 

Journal of the American Society for Horticultural Science 116(3): 525-527, 1991. (GWU 14290) 

Cao, W.; Tibbitts*, T.W. 

Potassium concentration effect on growth, gas exchange and mineral accumulation in potatoes. 
Journal of Plant Nutrition 14(6): 525-537, 1991. (GWU 14289) 


Cao, W.; Tibbitts*, T.W. , 

Temperature cycling periods affect growth and tuberization in potatoes under continuous irradiation. 
HortScience 27(4): 344-345, 1992. (GWU 15215) 

Cao, W.; Tibbitts*, T.W. 

Uptake of N, P, K, Ca, and Mg at varied solution concentrations of each element (Abstract). 

ASGSB Bulletin 5(1): 50, 1991. (GWU 13887) 

Carman, J.G.; Hess, J.R.; Bugbee*, B. . 

Cloning plant embryos by simulating ovular conditions in controlled environments (Abstract). 

ASGSB Bulletin 3(1): 63, 1989. (GWU 11041) 

Chaillou, S.; Vessey, J.K.; Morot-Gaudry, J.F.; Raper* , C.D., Jr.; Henry, L.T.; Boutin, J.P. 

Expression of characteristics of ammonium nutrition as affected by pH of the root medium. 

Journal of Experimental Botany 42(235): 189-196, 1991. (GWU 14363) 

Chamberland, D.; Knott*, W.M.; Sager, J.C.; Wheeler, R. 

Controlled Ecological Life-Support System: Use of plants for human life-support m space. 

Journal of the Florida Medical Association 79(8): 537-544, 1992. (GWU 16526) 
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Clark, G.J.; Nevill, G.E., Jr.; Dreschel, T.W. (Knott, W.M. = P-U 

A root moisture sensor for plants in microgravity (Abstract). ^ Aueust 

In: Abstracts, 29th Plenary Meeting of the Committee on Space Research, Washington, DC, gu 
28-September 5, 1992, p. 5%. (GWU 15678) 

Cnrev K A • Wheeler, R.M. (Knott, W.M. = P.I.) 

Gas exchange in NASA's biomass production chamber: A preprototype closed human life support 
system. 

BioScience 42(7): 503-509, 1992. (GWU 15245) 

C'r\TP\r K A • Wheeler R M.: Sager, J.C.; Prince, R.P. (Knott, W.M. = P.I.) 

Carton d^d^exchange of a Jheat stand grown in NASA's Biomass Production Chamber (Abstract). 
HortScience 25(9): 1151, 1990. (GWU 15223) 

Criddle, R.S.; Hansen, L.D.; Breidenbach, R.W.; Ward, M.R.; Huffaker*, R.C. 

Effects of NaCl on metabolic heat evolution rates by barley roots. 

Plant Physiology 90: 53-58, 1989. (GWU 10439) 

^^y^en^actSn'inhibitor silver thiosulfate reduces continuous irradiation injury in potato 
(Abstract). 

ASGSB Bulletin 6(1): 40, 1992. (GWU 15899) 

Cushman, K.E.; Tibbitts*, T.W. 

Root-zone temperature effects on continuous irradiation injury on potato (Abstract). 

HortScience 26(6): 745, 1991. (GWU 15214) 

Dreschel, T.W. (Knott, W.M. = P.I.) 

Inf McGraw-Hill Encyclopedia of Science and Technology, 7th Edition. New York. McGraw Hill, 
p. 607-610, 1992. (GWU 16527) 

Dreschel, T.W. (Knott, W.M. = P.I.) 

Plant nutrient delivery system having a porous tubular member (I atent). 

US. Patent No. 4,926,585. 17 p.. May 22, 1990. (GWU 15340) 

Dreschel, T.W.; Bauer, C.R.; Koller, MS.; Sager, J.C. (Knott, W.M. = P.I.) 

A prototype closed aquaculture system for controlled ecological life support applications. 
iJZ^ngAsjJts of Intensive Aquaculture. Ithaca, NY: NE Regional Agriculture Engineering 

Service, NRAES-49, 1991. 

Dreschel, T.W.; Brown, C.S.; Hinkle, C.R.; Sager, J.C.; Knott*, W.M. 

Developing future plant experiments for spaceflight , 

Paper printed at the 1990 International Winter Meeting of the Am^can Sooe^J of jjf ncu,tuwl 
Engineers, Chicago, IL, December 18-21, 1990, 16 p. (ASAE Paper 904533) (GWU 12934) 

Dreschel, T.W.; Brown, C.S.; Hinkle, C.R.; Sager, J.C.; Knott*, W.M. 

Development of a porous tube plant nutrient delivery system for the space shuttle nud-deck locker 

Plant Growth Unit (Abstract). 

ASGSB Bulletin 4(1): 51, 1990. (GWU 12935) 
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Dreschel, T.W.; Brown, C.S.; Piastuch, W.C.; Hinkle, C.R.; Knott*, W.M. 

Porous Tube Plant Nutrient Delivery System development: A device for nutrient delivery in 

microgravity (Abstract). __ A 

In: Abstracts, 29th Plenary Meeting of the Committee on Space Research, Washington, DC, August 

28-September 5, 1992, p. 593. (GWU 15699) 

Dreschel, T.W.; Brown, C.S.; Piastuch, W.C.; Hinkle, C.R.; Sager, J.C.; Wheeler, R.M.; Knott*, W.M. 
A Summary of Porous Tube Plant Nutrient Delivery System Investigations from 1985 to 1991. Kennedy 
Space Center, FL: NASA, Kennedy Space Center, 37 p., 1992. (N AS A-TM- 107546) (GWU 16540) 


Dreschel, T.W.; Brown, C.S.; Piastuch, W.C.; Hinkle, C.R.; Wheeler, R.M.; Knott*, W.M. 
Technologies for plant space biology investigations in the Space Shuttle mid-deck locker (Abstract). 
ASGSB Bulletin 5(1): 90, 1991. (GWU 15132) 


Dreschel, T.W.; Cox, W.M.; Brown, C.S.; Knott*, W.M. 

The Vacuum-Operated Nutrient Delivery System for hydroponics in space (Abstract). 
ASGSB Bulletin 6(1): 84, 1992. (GWU 15880) 


Dreschel, T.W.; Sager, J.C. (Knott, W.M. = P.I.) 

Control of water and nutrients using a porous tube: A method for growing plants in space. 

HortScience 24(6): 944-947, 1989. (GWU 11027) 

Dreschel, T.W.; Sager, J.C.; Wheeler, R.M. (Knott, W.M. = P.I.) 

Plant growth in a porous tube nutrient delivery system: The effects of pressure and pore size on 
productivity (Abstract). 

ASGSB Bulletin 2: 37-38, 1989. (GWU 10422) 

Dreschel, T.W.; Wheeler, R.M.; Sager, J.C.; Knott*, W.M. 

Factors affecting plant growth in membrane nutrient delivery. 

In: Controlled Ecological Life Support Systems: CELSS '89 Workshop (MacElroy, R.D., Ed.). Moffett 
Field, CA: NASA, Ames Research Center, p. 373-382, 1990. (NASA-TM-102277) (GWU 14366) 

Fortson, R.E.; Sager, J.C.; Bledsoe, J.O.; Wheeler, R.M.; Knott* , W.M. 

Current performance of the NASA Biomass Production Chamber. 

Paper presented at the 1992 International Summer Meeting of the American Society of Agricultural 
Engineers, Charlotte, NC, June 21-24, 1992, 17 p. (ASAE Paper 92-4001) (GWU 16543) 

Frick, J.; Mitchell*, C.A. 

Effects of nitrogen nutrition, timing of nitrogen application, and planting density on development and 
yield of Brassica napus (Abstract). 

HortScience 26(6): 743, 1991. (GWU 15216) 


Frick, J.; Mitchell*, C.A. . T •* 

Evaluation of dwarf rapid-cycling Brassica as a candidate oilseed crop for Controlled Ecological Lite 


Support Systems (Abstract). 

ASGSB Bulletin 5(1): 60, 1991. (GWU 13896) 


Frick, J.; Mitchell*, C.A. 

Production of dwarf rapid-cycling brassica under optimizing environmental conditions (Abstract) 

HortScience 27(6): #356, 1992. (GWU 15273) 
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Frick, J.; Schonfeld, M.A.; Williams, P.H.; Mitchell*, C.A. 

Evaluation of rapid cycling Brassica as a candidate oilseed crop for Controlled Ecological Life Support 
Systems (Abstract). 

HortScience 25: 1073, 1990. (GWU 15296) 

Fry, I.V.; Packer*, L. 

Cyanobacteria in CELSS: Growth strategies for nutritional variation and nitrogen cycling. 

In: Controlled Ecological Life Support Systems: CELSS '89 Workshop (MacElroy, R.D., Ed.). Moffett 
Field, CA: NASA, Ames Research Center, p. 203-216, 1990. (N AS A-TM-1 02277) (GWU 14406) 

Gale, J.; Smemoff, D.T.; Macler, B.A.; MacElroy*, R.D. 

Carbon balance and productivity of Lemna gibba, a candidate plant for CELSS. 

Advances in Space Research 9(8): 43-52, 1989. (GWU 11656) 

Galindo, C.; Henninger*, D.L.; Ming*, D.W. 

The use of lunar simulants in plant growth experiments (Abstract). 

In: Agronomy Abstracts, 1989 Annual Meetings, of the American Society of Agronomy, Us Vegas, NV, 
October 15-20, 1989, p. 320-321. (GWU 16534) 


Galindo, C.; Ming*, D.W.; Allen, E.A.; Henninger*, D.L.; Hossner, L.R. 

Mineralogical and chemical properties of starting materials used in zeoponic plant growth systems 

(Abstract). . 

In: Agronomy Abstracts , 2990 Annual Meetings of the American Society of Agronomy , San Antonio, TX, 

October 21-26, 1990, p. 350. (GWU 15282) 

Galston*, A.W. 
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